Presented herein is a review of experimental and numerical results of the compression behavior and collapse modes of pultruded FRP (fiber reinforced polymer) columns. The aim is to propose an updated summary-review useful both in the research and in the design field. The study compares the structural performance of columns made by single pultruded shapes and complex columns, whose sections are the result of the connection of FRP pultruded profiles, of FRPconcrete and of pultruded profiles with hybrid fibers. In the specific case of the FRP-concrete column, the limitations and benefits are discussed. The survey provides some final directions on the structural behavior and on the failure modes of all the types of columns. As regards the design, the reliability of the individual models is verified and available formulas with respect to the detection of the lower value of critical load, as well as the open questions, especially for the complex columns, are presented.
Introduction
Since the early 1990s, the FRP materials commonly referred to as FRP (Fiber Reinforced Polymer) were employed in the field of civil construction. These materials have been a novelty in the engineering and architecture fields after being successfully used in naval and aviation industries due to their lightness, strength and durability. With the employment in the construction field, there was immediately a strong development in reinforcement and structural rehabilitation, while in the area of the new construction it has not been so much considered. In existing buildings, the FRP materials in the form of lamina and sheet can be glued on the surfaces of structural elements, in concrete, masonry, wood and metal materials. In most cases, FRP materials have been used to wrap columns, as shear reinforcement of masonry walls or as a flexural reinforcement of beams. Since the late 1990s, thanks to some strategic achievements [1] , the possibility of using FRP materials for new construction begins to develop. From the view point of the production process, the Putrusion and Filament-Winding are most used, although other techniques are available such as Bag Molding. The level of research conducted on FRP structures is very high and there are available technical recommendations, see ASCE 1984 , DT-CNR 2007 and volumes dedicated by Agarwal et al. (1990) , Eurocomp (2003) and Fiberline Manuals (2013) . The state-of-the-art is particularly rich with reference to buckling, , Lane et al. (2002) , Pecce et al. (2000) ; for connections [Mottram (1999) ] to durability and damage [Russo (2013) ] or for special applications such as sheet piles [Boscato et al. (2011)] . With regard to connections, the literature is very wide with reference to pultruded FRP frames (Bank et. al. 1994 , Smith et. al. 1999 , Turvey et al. 2004 , particularly in presence of semi-rigid joints, (Turvey et al.1997 , Cuhna et al. 2008 , Minghini et al. 2009 -2010 , and in presence of dynamics loads . The information on the structural behavior of FRP pultruded profiles are now more than sufficient in the static field, also with reference to models and design. Some early publications on dynamic behavior of FRP structures highlight good overall performance with respect to fundamental frequency, period, and damping coefficient (Boscato et al. 2009 ). The remarkable lightness of the material, however, is associated with low frequencies; thereby high periods and dissipative characteristics are significantly influenced by the high deformability . The structural themes related to a complex use of more pultruded profiles, for example coupled to other materials, such as concrete or steel, together with the possibility of producing built-up type or with more reinforcing fibers, need more studies (Boscato et al. 2015 , Russo 2014 . Just what lingers researchreview, entirely devoted to the analysis of structural performance and failure modes for instability of the most important element of the structural design, is the column. The survey shows some experimental and numerical results on the behavior of simple columns made by pultruded FRP material (consisting of a single shape with open or closed section) and complex columns (then coupled to another material or built-up or with more than one reinforcing fiber) in which the pultruded FRP material has a dominant role and a structural function. Some insights are devoted to aspects of design, with particular reference to the calculation of critical load and the ability to implement new prototypes of FRP columns.
State-of-the-art concept of column's made by FRP material
The current production of FRP pultruded profiles in structural field employable with the function of column follows in fact what is already available in the steel. It does not have a completely autonomous conceptual and still suffers the first choices excessively oriented to imitate the design principles of structural steel (Mottram 2011 ). The consequence is that the sections pultruded FRP resemble throughout the steel sections except for the thicknesses that in pultruded FRP are slightly higher in order to avoid local instability. For reference, one must remember that the production techniques of the elements in FRP strongly influence the design of the structural sections. This represents a limit but also an opportunity. The pultrusion, for example, as a process with predominantly longitudinal development, is more suited to the production of onedimensional elements. Bag Moulding allows one to produce two-dimensional thin elements and the Filament-Winding is associated to the creation of structural hollow profiles. There is still yet a class of structural sections designed specifically for pultruded FRP materials. For this reason 3 some local interventions as the use of local stiffening elements can be adopted in construction phase. Studies on the interaction between local and global buckling which in fact is always present in the columns pultruded FRP (except for elements very slender but that cannot be actually used due to their high deformability) were consolidated in the 90s. Research suggests that the adoption of appropriate models to varying slenderness take account the compression behavior (Bank 2006) , according to design by testing procedures that are particularly appropriate for this type of material. Besides, some specific works are dedicated to the failure mode of slender columns, , as well as short columns (Turvey et al. 2006a ). On the important role of the web-flange junction strength, some works are available in the literature (Bank et al. 1999 -2006 and Feo et al. 2013 . It is clearly established that the shape of the cross section has a strong influence on the buckling capacity (Di Tommaso et al. 2003) . The performance of the FRP open sections with wide flange are much less efficient than the sections with narrow one because of the easy onset of local instability. Even the activation of torsional buckling can influence the structural behavior of the thin open section (Timoshenko, 1961) . The simultaneous presence of low values of longitudinal and transverse elastic modulus and shear modulus, together with the orthotropic material mean that the torsional and flexuraltorsional instability are dominant. On the effects due to the viscosity, some studies have shown a reduction of the buckling load. On the effect of initial geometrical imperfection on buckling mode, two recent papers investigated the type and level of influence (Laudiero et al. 2014 (Laudiero et al. -2013 . In the literature there are some initial assessments of the structural behavior of built-up FRP columns for which the formulas available for steel are however only partially reliable and Boscato et al. 2013 ). Particularly useful is the work cited in Keller (2002) , in which the most representative realization with built-up members is investigated, even if by now many similar constructions were built. In any case, some considerations about this type of complex column may already be proposed. For example, the diffusive way of load between the various profiles making up the FRP built-up section varies considerably to changing rules for the application of the load, and deserves a further study. Similarly, formulas available today for the determination of the reduced length are not usable, and further researches on this specific subject appear useful and strategic. This type of column complex is more easily assembled with open sections with "C" or "L" shapes. It does not exclude the use of sections to "I" or "H" shape but their use appears to follow the criteria of efficiency and optimization. In any case, their use would be more appropriate in the presence of a request for a very high load-bearing capacity. For the union between the various profiles with open sections, the bolts are more reliable than glued solution. The built-up columns ensure a high increase in bending stiffness and less effect due to the shear deformability (Russo 2015) . On the issue of the functioning of the connections in this type of columns, the research is still limited. However, it seems clear that the effective functioning of this type of column is strongly influenced by the proper design of the connections between the profiles. On the structural behavior of complex columns result of the union of FRP and concrete not too investigations are disposable, except some interesting works (Fam et al. and 2003 . This type of column is realized with hollow pultruded FRP shapes (square, circular or rectangular section) which will also function as formwork with respect to concrete which will be included in. From a viewpoint 4 of potential performances, it is expected that the concrete delays the onset of the local buckling phenomena allowing its use for higher values of slenderness. An increase of the bearing capacity is expected when compared to the use of only one section in FRP, without which the integration with the concrete would have no effect. The influence of the mode of application of the load (if applied to the entire section or to the only part in concrete) was treated in some research; as well as the assessment of the effects of wrapping of hollow FRP profile than the concrete (Boscato et al. 2006) . For hybrid pultruded FRP sections (with reinforcing fibers of various kinds such as glass and carbon) computational methods that provide for the homogenization of the mechanical characteristics of the different fibers have to be used (Agarwal et al. 1990 ) in order to determine the mechanical parameters more correctly for the calculation of the buckling loads. Some experimental investigations show that the performance of hybrid all-FRP profiles are still unreliable. Some general observations may arise on the structural design of the columns characterized by the use of hyperlight pultruded FRP material. Good performance are expected also in all FRP frame at ultimate limit state . Figure 1 refers to an all FRP construction, , Boscato et al. 2012 ) and allow some specific reflections. It is the use of built-up pultruded FRP columns made by bolted connections of four "C" shape inserted into reinforced concrete plinths with function of foundation surface. In this case, the design was influenced by aspects of emergency and very specific needs. For example, the need for a roof structure and a floor support which is not too unwieldy flooring historical and, consequently, the need to anchor the light structure to the ground with additional masses. The same figures confirm, however, as the design with FRP pultruded profiles still too follows the design principles of steel. This is evidenced in particular by the excessive size of the sections of the pillars and cross bracing struts, (see Figure 1 ). While these choices appear understandable and reasonable, but too conditioned by excesses of structural safety, on the other hand it is now necessary to calibrate more specifically in the design of FRP on the basis of the characteristics of the material, even in the face of a level of knowledge now mature. The detail of Figure 1 confirms the easy process of the pultruded FRP material in combination with other materials. The same figure, on the other hand, relative to a construction already erected in 2009, highlights the absence of any effects caused by the concrete than the FRP material. A further improvement of the mechanical interaction between the two materials can be obtained in any case interposing epoxy resin.
Experimental results
In summary form are reported the most significant experimental results obtained. For all columns are presented, with the same sequence, the pictures of the setup and testing of the collapses, the table with the overall results of the geometrical and mechanical characteristics of the columns, and the most significant loaddisplacement curves. The average values of the characteristics of the pultruded FRP profiles declared by the manufacturer and used for the tests are shown in Table 1 (Topglass Manual, 1963) .
Simple Column -single element
The columns subjected to compression test have "I", "H" and "C" shapes. For each test the experimental load-displacement curves with lateral displacement detected on time with transducers, and the images of the collapses are showed. Figure 2 and Figure 3 shown the results for "I" shape 120 x 60 x 8 mm; Figure 4 and Figure 5 refer to the result on "H" shape 200 x 200 x 15 x 10 mm. Overall, the results shown by Figure 2 to Figure 5 highlight, regardless of the geometry of the section, the presence of a local buckling inversely proportional to the slenderness and a global buckling directly proportional to it. The photographic surveys of the stages of collapse illustrate the lack of interaction between local and global buckling in the profile with the higher value of slenderness, (Figure 3 ), while it is present in all other profiles. The profiles more stubby collapse instead in consequence of the interaction between local buckling and crushing, as confirmed by Figure 2 . The summary of the final values of the maximum load indicated in Tables 2 and 3 respectively for the columns with "I" and "H" shape show the performance of the overall structural performance, while the load-displacement curves confirm the elastic-brittle behavior.
Complex Column -FRP/Concrete case
The realization of columns result of the union of FRP pultruded profiles and concrete is particularly suitable in the presence of hollow shapes, so that the concrete there can be inserted in the fluid state, and these shapes can also perform the function of the formwork. The experimental investigation shows the case of GFRP/Concrete columns having square and circular section for distinct values of slenderness. The survey was preceded by tests performed on only pultruded FRP profiles, in order to make more complete the analysis for comparison. The results relating only to all FRP profiles are shown in Table 4 . The collapse most significant relating to stubby columns is shown in Figure 6 . The summary of the values of the maximum load for FRP/Concrete columns is shown in Table 5 . Test results show a strong influence of the FRP shape on structural performance. The analysis of the experimental results shows that the increased vulnerability of the geometric square section caused by the presence of the angleswith respect to the circular one which ensures a more appropriate effect of wrapping -is attenuated by the size of the thickness. In the case of the FRP square hollow shape it is in fact twice than the circular shape and final load values resulting appreciably affected. The comparison between the performance of the FRP hollow profiles and the same sections filled with concrete in the case in which with the load is applied both to the entire cross section and only to the concrete, is indicated in the diagrams of Figures 7. It is interesting to note that the benefit provided by the use of concrete coupled to pultruded FRP profiles is more important in the circular shape than the square one. This is due primarily to its form, the most suitable to ensure an effective wrapping effect, especially when the load is applied only to the concrete, and to the reduced thickness, which favors a better optimization of the use of the two coupled 6 materials. Figure 7 shows in particular that the circular profile of FRP has much lower performance compared to the case in which it is filled with concrete. For high value of thickness and square shape said beneficial effect is reduced, and even the only square profile FRP shows a greater stiffness than with concrete. This can be also depended upon the fact that especially for high loads the concrete has favored the triggering of local buckling in the FRP shape anticipating the collapse. For FRP/Concrete columns with values of slenderness substantially higher, the most significant failure modes of the slender column is shown in Figure 8 . The curves crushing load of some FRP/Concrete columns tested are indicated in the diagram of Figure 9 , with the lateral displacements detected. It is known as the failure modes remain of elastic-brittle, since the concrete stiffens further the complex column with respect to only the FRP shape. Conversely, the more important lateral displacements that appear close to the collapses are achieved when the column is made by only FRP shape.
Complex Column -Built-up case
The complex built-up columns are an assemblage of FRP pultruded profiles with "C" shape, connected with steel bolts. The columns analyzed belong to two types of cross sections (Boscato et al. 2015) . On type of section is constituted by smaller "C" shape and has four bolted connections point along its length; the other type is constituted by larger "C" shape and has a total of five bolted connections point along its development, as shown in detail. The tests were performed on both types of columns by first applying the load to the two central "C" shape that make the web, then applying the load to the entire built-up section. The boundary conditions were designed by inserting a sphere between two plates, one inside one outside, in order to allow any type of displacement during the increasing of the load or any torsional phenomena. The failure modes for columns subjected to the load applied only to the web are shown in Figure 10 . In particular, the phenomena of crushing at the ends and the local buckling occurred in areas further away from the bolted connections lines, are captured. The crisis mechanism relative to the columns in which the load is applied to the entire section is significantly difference with local buckling and a significant global torsional buckling. The difference in terms of loadbearing capacity is evident from the analysis of Figure 11 , in which the maximum loads achieved in the case of load applied to the entire cross section are four times higher than those obtained when the column is loaded only through the web. In this latter case the column does not behave like a real built-up column, but as a column formed by only two FRP profiles and then reinforced with other two external "C" shape connected to it with bolts. The considerable difference in behavior does not affect the initial stiffness, which in fact remains the same, but the values of maximum load. In the event that all four "C" shapes are contemporary stressed, even connections bear an important shearing actions, for the benefit of the final performance.
Complex Column -hybrid fibers case 7
The diagram of Figure 12 refers to "I" pultruded shape with glass fibers, arranged in the web, and with carbon fibers arranged in the flanges together with other glass fibers according to the percentages by volume indicated in Table 1 . For the position of the carbon fiber inside the section see photographic detail inside the diagram of Figure 12 . The hybrid pultruded profiles tested in compression and compared to profiles reinforced with a single fiber show a similar mode of collapse but with a post peak less rigid and maximum load values significantly reduced. The diagram of Figure 13 shows the comparison between two "I" shapes having the same cross section and height, but different type of fibers. The profiles with the single fiber glass exhibits higher values of maximum load compared to the hybrid profile (glass + carbon). It is noted that the curves of the mono-fiber profiles are fully elastic-brittle while those with two types of fiber show increased deformability in the phase of softening.
Models and Design's aspects
Following an overview related to the models and closed formulas already available for simple and complex all-FRP columns tested. The overview includes also proposals about the cases in which the reliable analytical approaches are not yet available. In the case of simple columns, the literature and the related technical recommendations appear very solid. While for all the complex pultruded FRP columns investigated by experimental test -especially the FRP/Concrete and hybrid ones -the analytical methods still need new approaches than the already existing formulas.
Simply columns -single shape case
The models and the closed formulas are by now reliable and efficient for simple column made by pultruded FRP hollow profiles or open cross section. A first distinction, even if not perfectly including, could be proposed between open sections with two axis of symmetry in which the local instability play an important role, and sections with only one axis of symmetry, subjected also to torsion instability. For both cases, the introduction of the availability formulas can be first assumed in function of the slenderness value. For the higher values, the following formula are consolidated and can be applied:
The well known (1) is widely employed when the expected flexural buckling is relevant and dominant (Timoshenko 1961), while the (2) considers the influence of the shear deformability that in FRP material is sensitive than the steel (Engesser 1889). In both formula E represents the modulus of elasticity in compression, J min the lower moment of inertia, L 0 is the free length (or reduced length) in function of the boundary conditions, χ is the shear factor, A shear is the shear resistant area and G is the shear modulus. The utility of (2) is putting into account the shear deformability with results more appropriated than formulation (1). For intermediate values of  intervenes local buckling which reduces the value of the global one. For the calculation of the local critical load have been proposed various formulas extracted directly from previous experiences with the steel. Those following proposals, which take into account the bending stiffness of orthotropic plates appear more solid and reliable , Kollar 2003 
where with the term F loc(f) can be intended the local buckling load in the flange of the "I, "H" or "C" shapes. Besides with the general symbol D we utilize the flexural stiffness of orthotropic plates that in detail are D 11 equal to (E c x t 
For the evaluation of the interaction between local and global instability a partly empirical procedure, but now widely established, can be used, as indicated by Bank (2006) . The critical load that takes into account the interaction is defined in the following way:
In which P loc is the load that triggers the local buckling of reference when the columns are stubby, K g/l is a coefficient that takes into account the interaction between global and local buckling given by the following formula:
with K  equal to
In (6) and (7) the term c is an empirical constant whose value in the literature is assumed variable between 0.65 and 0.80 as a function of a more or less conservative approach. The value of  coincides with the following relation:
where EJ min is the value of the bending stiffness corresponding to the minor axis of the section. The trend of the value of K g/l (equal to ) referred to the preceding (6) is indicated in the well known diagram of Figure 14 as a function of the value of dimensionless  referred to (8) and Bank (2006) . Beside an useful work related to the use of the curve indicated in Figure 14 is available in Vanevenhoven (2010) . The critical height of the column at which will start the interaction between local and global instability may be determined using the (1) or (2); the value of L 0 in function of P loc using the (1) will be equal to:
whose terms are already known.
Complex columns -FRP/Concrete case
Nor consolidated models or numerical approaches are still available to understand the buckling in presence of FRP/Concrete columns. One possibility way seems to be relate to the use of models already applied for the steel-concrete columns, as that indicated in the correspondent Eurocode (1994), with some corrections. By the way, two different type of formulations a vailable for steel-concrete cross sections could be employed with some modification. In the first approach, the well-known Euler's formula, with the stiffness flexural modified value has been utilized (Shneider 1998) . To determine the ultimate strength values P cr1 , we use the formula (1), where in the presence of FRP/Concrete columns the elastic stiffness flexural EJ min becomes:
In the (10) all symbols have an evident meaning except the S c that is the stiffness of the concrete core given by the following:
where the coefficient 0.83 is the multiplier to transform the cylindrical concrete test in the cubic one and E Ces is the modulus of elasticity of concrete assumed equal to the following:
With E sec equal to the secant modulus of elasticity of concrete in compression and  c is a safety coefficient for stiffness. Generally the approach proposed through (1) and the modifications showed from (10) to (12) 
. The two models proposed for complex columns FRP/Concrete aim to describe the performance through a detailed definition of the flexural stiffness which takes better account of the two materials. The calculation model of P cr2 is, however, more interesting as it does depends on more parameters as well as the percentage of FRP compared to the steel one, the Eulerian critical load value previously determined for the FRP profile and the slenderness.
Complex columns -built-up case
The models and the formulas available are only partially reliable for all FRP built-up columns since that they are referred to steel for which the way of connection between the profiles that made the composed cross section is often generated by welded action that cannot be used in presence of pultruded FRP material. Nevertheless, the base of some of the available formulas appears still usable at the outset to understand the order of magnitude of the maximum load expected. This is the case, for example, of the following formula (Timoshenko 1961): (21) where the flexural stiffness EI tr is usually considered in presence of battens and here involves the channels that constitute the web of the built-up column; EI iL is the flexural stiffness of one singular channel, A tr is the cross-section of the two channels just mentioned; while a is assumed equal to the longitudinal distance between the intermediate bolted connections and b equal to the transversal distance between the center of the masses of the more distant profiles. Both the flexural stiffness and a and b values refer, as mentioned, to a built-up welded steel column but these values may still be reformulated for the built-up sections here analyzed. In addition K cr is the value of Eulerian critical load calculated by means of (1).The formula (22) for calculation of the reduced length appears very limited in terms of use in the presence of FRP material. Recent applications have shown not compatible values (Boscato et al. 2015 , Russo 2014 . In detail the found values show the need for a sensitive recalibration of the (22) to become more able to consider the actual deflection and deformation of FRP built-up columns.
In the presence of a simplified calculation to evaluate the critical load, appears still not clear the choice of the slenderness more appropriate to use. For built-up columns are available some formulations , Manual Steel 2006 . In particular in the (23), where A 1 is the cross-section of the single channel and is N 1cr its critical load, as following:
The formulas (24) and (25) Formulas (24) and (25) that take into account both the slenderness connected to the stiffness offered by the entire section and the flexural stiffness of the more slender element, appear more appropriated.
Complex columns -hybrid FRP fibers case
For this type of columns, there are neither models nor formulations available. It seems reasonable to use a formula already used for simple columns to determine local and global instability. The presence of two reinforcing fibers together with the matrix used in the pultrusion process requires however an in-depth analysis. In this sense, the Rule of Mixtures (Agarwal et al. 1990 ) can provide adequate support to take account of all the reinforcing fibers present and calculate the real mechanical parameters. The Rule of Mixtures offers the following formulation:
having indicated with  frp the volume of the composite material, with  f the volume occupied inside from the fiber and with  m the volume occupied by the matrix. In the case of structural elements pultruded with the double fiber, the (26) may be rewritten as: 
Assumed now, as it is, that in presence of the pultrusion process technology the fibres are parallel and then that the percentage in volume indicated in (28) 
that is the consequent of the assumption of the validity of the Hooke's Law and of the correspondent linear stress-strain relation. The (32) will be rewritten as following
Finally, the determined value of E Hfrp will be therefore employed in flexural stiffness to determine through (1) or (2) the critical load values.
Discussion of the results and open questions
Following the first reflections on the comparison between experimental and numerical results with particular reference to complex columns for which some themes are still open and the need to recalibrate the available formulations is significant. The first part of the discussion is devoted to an experimental evaluation about the failure modes of the columns investigated. The second part presents an analysis of the reliability of the proposed models and formulas through comparison with experimental results.
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Experimental
With reference to the simple columns, the modes of collapse detected consolidate what is already known on the buckling of pultruded FRP columns. The modes of failure are always conditioned by the local buckling that in function of the slenderness influence more or less the global buckling. The orthotropic material, the high deformability and the shape are the factors that most influence the modes of failure. As regards the behavior of the complex FRP/Concrete columns more slender and with square shape, the collapse happens to very high loads and is manifested by the vertical lines of fracture in coincidence of the edges; this may have several explanations. On the one hand it confirms the presence of vulnerability at the corners of FRP shapes as consequence of the pultrusion process. The type of crisis was also influenced by the lateral thrust of the concrete contained therein. Equal FRP shape without concrete is instead characterized by a collapse due by the interaction between crushing at the ends and overall flexural buckling. As regards the mode of crisis in the circular FRP/Concrete column, loads achieved are lower than the square ones, this is due to higher slenderness and to the much smaller thickness profile. The red line (Figure 8 ) helps to grasp the phenomenon of global flexural instability in absence of local crises. The excellent performance of the FRP/Concrete columns when the section is circular and the thickness reduced is confirmed; the wrapping effect is effective and benefits are high. For the built-up columns the mode of charge is undoubtedly the variable of greater weight. The involvement or not of all cross section available strongly affect the structural behavior of the entire system. It thus passes from a column with a real built-up behavior (when the entire cross section is subjected to compression) to a kind of reinforced column when the load is applied to only two of the four profiles. Two types of built-up column analyzed appears however still limiting with respect to trying to obtain observations conclusiveness and generalizable. The values of P cr obtained are further confirmation of the fact that the two modes of charge determine as many structural running significantly different. When the load is applied to the entire cross section, the maximum loads in fact achieved very high values compared to the case where the load is applied only to the web. This shows that column type BC2 behaves like a builtup one, while column BC1 of Figure 10 behaves as a column composed by two profiles and then reinforced by other two profiles that then have only the function of delaying the onset of global flexural instability. The differences caused by the distinct mode of application of the load involve also the functioning of the connections. In the case BC2 bolts are useful to the running of the column as a real built-up column and work both under shear and bearing stresses; in the case BC1 they work only to friction. Hybrid columns performance gave results very less homogeneous with respect to identical columns pultruded with a single fiber. The presence of two types of fibers appears to have reduced the mechanical homogeneity of the profile anticipating the brittle collapse processes and local failure. To date, the use of pultruded FRP profiles with two fibers does not appear to be sufficiently reliable.
Model and design aspects 15
As is now ascertained, Euler's formula (1) is applicable only in the presence of high values of , vice versa is not realistically be used given the high deformability of pultruded FRP material. In the presence of intermediate values of slenderness, said formula (nor (2) that takes into account the shear deformation) could reasonably be used. This is confirmed by comparison of the diagram of Figure 15 for different values of . The formulas (3) and (4) appear the most appropriate for the determination of the local critical load that often is the lowest and is then used in structural design. The formulas (5) to (8) are now well established for the evaluation of the interaction between local and global buckling. In the latter case, the use of an experimental comparison is appropriate and the use of the coefficient c appears to be reliable. A first tentative of comparison between the experimental results obtained for simple columns and the above mentioned formulas through which is possible to draw Figure 14 has been attempted; nevertheless, the too high difference in term of  values, as confirmed by the comparison with Figure 15 , prevented this. The expectation is in any case that the experimental results should confirm the trend of the bolted curve ( Figure 14 ) and the variation of the  value. Diagram of Figure 15 , however, confirm the utility of the diagram of Figure 14 about the evaluation of the interaction between local and global modes of buckling in simple columns. Complex FRP/Concrete columns are particularly influenced by the geometry of the FRP profile and by the wrapping effect that it plays. The FRP profiles with square section appear more vulnerable than the circular one. Table 6 shows the comparison between the experimental results obtained in Section 3.2 and the results obtained with the models proposed for the determination of P cr1 and P cr2 . Table 6 also shows how the assessment of P cr1 is less refined than the formulation that provides P cr2 . With regard to the FRP built-up complex columns, Table 7 summarizes the comparison between experimental and numerical data calculated with the equations (1), (2) and (21). Table 7 in particular refers to the values of the critical load and its variation in function of slenderness considered according to the formulas (23), (24) and (25). Table 7 shows also in detail the difference between the values of reduced length calculated with the formula (22) and the values of the actual distances between the connections and the height of the column. Table 8 refers to some results already obtained (Boscato et al. 2015) , about a comparison between two FEM models (first developed the eigenvalue approach and then a second based of geometrical non linearity) and the experimental values. The models capture adequately the behavior of the columns in the case where the load is applied only on two of the four "C" shape that constitute the section; while are inadequate when the load is applied to the entire built-up cross section. As regards the hybrid columns, the application of equation (34) for the calculation of the modulus of elasticity and the next using of the formula (2) have provided the values of the global critical load indicated in Table 8 , compared with the experimental results. The numerical values found are always higher than the experimental values. This appears to confirm the tendency already detected from experimental side (Figure 13 ), for which the placing of a higher value of the fiber's modulus of elasticity does not guarantee with respect to a consequential increase in the overall structural performance. It should also be noted that in the face of the need to refine the technique of pultrusion where there are multiple fibers, the use of pultruded profiles hybrids seems more appropriate in presence of element subjected to tension or flexural stresses as cables or beams.
Conclusions
On the basis of the review-research related to the failure modes of pultruded FRP simple and complex columns, the following conclusions can be proposed.
From the experimental viewpoint:
-the investigations of simple and complex pultruded FRP columns have shown that the interaction between local and global buckling is influenced by the material mechanical properties, the  value and the entity of initial imperfections when they are not negligible. Neglect the importance of the local-global buckling interaction could give important mistakes in design;
-the performances of the majority tested columns appear very high particularly in relation to the maximum loads reached. This evaluation is valid unless the hybrid columns, whose behaviour appears still uncertain and less reliable probably due to the need to improve the pultrusion process in presence of more than one type of fibre; -the FRP/concrete complex columns result very efficient and generally easy to create with great potential for real applications. The shape of the pultruded FRP profiles strongly influence the failure mode. The hollow circular one is more performant as wrapping effect than the square cross section and -more generally -than sections with straight lines and corners. The local buckling remains dominant even if exalted or reduced by the concrete in relation to the ratio between the maximum dimension of the FRP profile and its thickness; -the all FRP bolted built-up columns appear strategic from the conceptual point of view and outline a challenge due to the very high level of maximum load reached. Their employment deserve attention and could be very common. The interaction between different buckling and related failure modes is important and influential as expected by the number and type of connection along each column. In detail, the role of bolted connections, even if less investigated in the review mainly dedicated to the global failure analysis, gave difference in the performance increase.
From the model and design viewpoints: -for simple columns made by one pultruded FRP profile, the models showed appear solid and widely employed. The need to take into account the local buckling as dominant characteristics of the collapse mode is a strongly held requirement. In design, the preliminary comparison between the all potential buckling's values (so through the comparison of formulas (2) with (3-4) and also with (5)) -must be done every time as a fixed procedure to obtain the lower value of the critical load that will be used for the final design and calculation of the column; -in detail for simple columns made by one pultruded FRP profile, the evaluation of the entity of the interaction between local and global buckling have to be always considered through formulas from (5) to (9); -for pultruded FRP built-up columns the way of mode of charge (on the entire cross section or only to the flanges) and the consequent diffusive phenomenon is the first point to understand and decide the better model that can be used. A first reliable calculation could be done through the appropriate slenderness (as presented in the formulas (24) and (25)) and then applying the (1) or (2). Nevertheless, this kind of calculation will result in any case still too conservative and the application of the (21) is suggested. The definition of the more correct formulation to obtain the reduced length is still an open question that needs dedicated research. The (22) is not yet applicable and the calculation of the reduced length as if the column is not built-up but simple one with the equivalent flexural stiffness and in function of the boundary conditions, is suggested; -for the FRP/concrete complex columns, the model proposed by (13) to (20) appeared reliable and derived by the Eurocode approach for steel-concrete composed cross sections. This method resulted efficient and not too conservative as showed by the comparison with experimental results. A preliminary analysis regarding the geometrical compatibility between the FRP and concrete materials is suggested to better design the wrapping effect of the hollow FRP shape. This means the only real benefit in term of structural concept and performance of this kind of column; -for hybrid FRP complex columns the application of the Rule of Mixtures, (33), resulted well used to determine the most dominant mechanical parameter as the modulus of elasticity; then the use of (2) to obtain the critical load will be reliable.
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